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Intestinal infections are a major cause of mortality in domestic rabbits. Although a few 
pathogenic organisms have been associated with this type of infection, it is often impossible to 
demonstrate the presence of any etiologic agents. 

Recently viral particles were observed in the intestine of diseased rabbits submitted to our 
laboratory for diagnosis. A study was then initiated to evaluate the presence of viral agents in the 
intestine of rabbits showing clinical signs of enteritis. Viral particles with morphological charac- 
teristics of the Coronaviridae family were observed by electron microscopy in most specimens of 
fecal material obtained from sick rabbits. Such particles were not seen in the feces of healthy 
animals. 

These particles, which have a density of 1.07—1.18 g/cm? on sucrose gradient, hemagglutinate 
rabbit red blood cells. Furthermore this virus has some antigenic relationship with the human 
coronavirus 229-E since immune serum to this virus blocks the hemagglutination of the rabbit 
erythrocytes. 

Antibody titers to this virus were detected in rabbit sera obtained from colonies with a high 
incidence of intestinal infections. 

When fecal material containing coronavirus particles were inoculated on various tissue culture 
systems, no cytopathic effects were observed. 
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Les infections intestinales constituent ]a principale cause de mortalité chez le lapin domes- 
tique. Plusieurs agents pathogénes ont été associés ace type d’infection cependant dans plusieurs 
épizooties, il est impossible de mettre en évidence la présence d'un agent quelconque. 

Récemment des particules virales ont été observées dans l’intestin de lapins soumis a notre 
laboratoire pour des fins de diagnostic. Ces observations nous ont incités a entreprendre une 
étude dans le but d’évaluer ‘incidence des virus dans l’intestin des lapins ayant des signes 
cliniques d’entérite. Les résultats des examens en microscopie électronique indiquent que des 
particules virales possédant des caractéristiques morphologiques des Coronaviridae sont ob- 
servées dans la majorité des intestins de lapins malades. L°examen de matiére fécales provenant 
d’animaux en santé n‘a pas permis de démontrer la présence de ces particules. 

La densité de ce virus sur gradient de sucrose a été établie 4 1,07—1,.18 g/cm’. De plus cet agent 
viral posséde la propriété d’agglutiner les erythrocytes de lapins. Ce pouvoir hémagglutinant est 
inhibé par un serum immun contre le virus corona humain 229-E. 

Des titres d’anticorps hémagglutinants ont été démontrés dans des sérums de lapins provenant 
de colonies ayant une incidence élevée des infections intestinales. 

Finalement aucun effet cytopathique n’a pu étre observé lorsque I’agent viral est inoculé sur les 
différents systemes de cultures cellulaires utilisés. 
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Introduction 


Intestinal infections are a major cause of mortal- 
ity in the domestic rabbit (Greenham 1962). These 
infections are responsible for important losses for 
the breeder as well as for the researcher using these 
animals. Young animals at weaning age are most 
often affected and symptoms of watery diarrhea, 
distended abdomen, dehydration, and rapid death 
are generally observed (Whitney 1976). Outbreaks 
have also been reported in which animals died 
without showing any clinical signs (Richter and 
Hendren 1969). The pathogenic organisms most 
often associated with this type of infection include 
coccidia (Ostler 1961), Escherichia coli (Presscott 
1978), and Bacillus piliformis (Ononiwu and Julian 
1978). Unfortunately in many outbreaks, it is not 
possible to demonstrate the presence of an etiologic 
agent. Recently, corona-like particles were ob- 
served in the fecal material from a sick rabbit sub- 
mitted to our laboratory for diagnostic purposes. 
With the exception of a rotavirus proposed recently 
as a possible cause of rabbit enteritis (Petric ef al. 
1978), viruses are seldom associated with this type 
of infection in these animals. Considering the im- 
portance of viruses in the pathogenesis of intestinal 
infections in different animal species (Appel ef al. 
1979; Kraft 1957; Storz et al. 1978; Chasey and 
Cartwright 1978; Caul 1979; Doyle and Hutchings 
1946; Kienan ef a/. 1976) including man (Middleton 
et al. 1974), we were interested in investigating the 
presence of coronaviruses in the laboratory rabbit. 

The present paper reports the results of our in- 
vestigation. 

Materials and methods 
Specimens 

A total of 21 rabbits ill with rabbit enteritis were obtained from 
four colonies with a high incidence of intestinal infections. The 
sick animals were generally 6-10 weeks of age; they were autop- 
sied and fecal samples and sections of small intestines were 
collected. The specimens were shipped to the laboratory and 
kept at —70°C until used. Fecal material from 10 healthy rabbits 
was also collected from a colony free of intestinal infections. 
Those specimens were used as control. 


Electron microscopy (EM) 

For EM examination, fecal samples and mucosal scrapings 
were individually diluted 1:5 in phosphate-buffered saline 
(PBS), pH 7.2. The preparations were clarified by centrifugation 
at 2000 x g for 30 min. One aliquot of each sample was then 
placed on a carbon-coated grid, negatively stained with a 3% 
phosphotungstic acid solution (PTA) at pH 6.1, and examined 
with an electron microscope operating at an accelerating poten- 
tial of 80kV. Three characteristics of the coronavirus particles 
morphology were sought: the diameter of the particles, the 
presence of surface projections, and the length of those projec- 
tions. The diameter of approximately 100 particles was mea- 
sured. The length of the surface projections was measured from 
the boundary of the particles to the distal end of the projections. 


Hemagglutination (HA) activity 

The HA properties of the material collected were evaluated in 
the presence of rabbit. guinea pig, rat, mouse, chicken, sheep, 
and human type O red blood cells. The assay was performed in 
U-type microplates at room temperature with 1% erythrocytes 
concentration in 0.01 M PBS, pH 7.2. Tenfold dilutions of the 
samples prepared as described above for EM examination were 
used and an equal amount of erythrocyte suspension (0.025 mL) 
was added to each dilution. Titers were expressed as a recip- 
rocal of the highest dilution of hemagglutinin that showed com- 
plete hemagglutination. 


Purification of virus 

Fecal material with a high HA activity was first centrifuged at 
2000 x g for 30min to remove bacteria and cell debris. The 
supernatant was layered on 5 mL of a 60% sucrose cushion and 
centrifuged at 90000 x g for 2 hat 4°C. Fractions were collected 
from the bottom of the centrifuge tubes and assayed for HA 
activity. The fractions showing HA activity were examined by 
EM to confirm the presence of the virus and then layered over 
the top of a 20-60% (w/w) sucrose gradient and centrifuged at 
90000 x g for 16 hat 4°C ina refrigerated Beckman L 5-65 model 
using a SW27 rotor. 


Serological tests 

Twenty serum samples were obtained from three colonies in 
which the viral particles were observed. Ten rabbit sera were 
also obtained from a colony free of intestinal infections. The 
sera were first inactivated at 56°C for 30 min and tested by 
hemagglutination inhibition assay (HIA) for the presence of HI 
antibodies to the rabbit coronavirus. The HIA was performed as 
described by Palmer et al. (1975). Serial 10-fold dilutions were 
mixed with an equal volume of hemagglutinin containing four 
HA units, incubated for 60 min at 4°C, and then mixed with 
0.025 mL of 1% rabbit erythrocytes. The preparation was incu- 
bated at 4°C for 60 min. The reciprocal of the highest dilution of 
sera that inhibited HA was determined as the HI titer. Immune 
sera to 229-E human coronavirus, porcine hemagglutinating en- 
cephalitis virus (HEV), and avian infectious bronchitis virus 
(IBV) were also used to evaluate the antigenic relationship of the 
rabbit coronavirus to other prototypes of coronaviruses. 


Cell culture 

Supernatants of fecal material previously prepared for EM 
examination were inoculated on various cell culture systems. 
Specimens showing an elevated HA titer were selected for this 
purpose; a total of four cases were used. Primary culture of 
rabbit kidney cells, whole rabbit embryo, and a continuous cell 
line of rabbit cornea (SIRC) were used. The cells were grown in 
equal parts of minimum essential medium (MEM) (Earle’s base) 
and 199 medium (Hank’s base) with 2% fetal calf serum and 1% 
antibiotic preparation containing 100 iu penicillin and 100 mg 
streptomycin. A 1-mL aliquot of the supernatant fractions 
selected was inoculated in 75 cm? tissue culture flasks contain- 
ing 2% fetal calf serum and 1% antibiotic preparation. The 
preparations were incubated at 37°C for 7 days. 

Four weekly passages were effected. The cell cultures inocu- 
lated were frozen and thawed three times and the supernates of 
each passage were ultracentrifuged at 90000 x g for 90 min and 
were examined by EM for the presence of viral particles. The 
HA activity was also evaluated. 


Results 
Figure | shows electron micrographs of particles 
observed in specimens from sick rabbits. The vir- 
ions were pleomorphic particles with an inner 
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diameter ranging between 60 and 220nm. Large 
elongated forms were also seen. In most specimens 
examined, surface projections which measured ap- 
proximately 20nm in length were present. They 
were teardrop shaped and widely spaced. Finally, 
an inner tongue-shaped structure was present in- 
side the virion. Similar viral particles were not seen 
in the feces from healthy rabbits. 

The results of the determination of the HA prop- 


Fic. |. Electron micrographs of negatively stained 
coronavirus particles in fecal samples from rabbits with clinical 
signs of enteritis. A, spherical particle; B, Elongated particle. 
Typical teardrop surface projections are seen in both A and B. 


erties of the rabbit coronavirus indicate that this 
viral agent has HA activity in the presence of rabbit 
erythrocytes but not in the presence of the other 
type of red blood cells used. Furthermore, 100% of 
the fecal samples from sick animals agglutinated 
rabbit erythrocytes while only 38% of the material 
from the mucosal scrapings collected from the 
small intestines of the same animals exhibited an 
HA activity. The titers of the fecal material varied 
between 4 and 1024 with a geometric mean of 57.9 
whereas the HA activity of the material from the 
mucosal scrapings of the intestine ranged between 
2 and 32 with a geometric mean of 7.33. Specimens 
from healthy rabbits exhibited HA titersless than 2. 

When the fecal material from sick animals was 
centrifuged in a sucrose density gradient, HA ac- 
tivity was, found in two different peaks. The dis- 
tribution of those peaks is illustrated in Fig. 2. The 
density of the heavy peak was 1.18 g/cm? and that 
of the light peak was 1.07 g/cm’. 

Results of the serological evaluation of rabbit 
sera collected from different colonies are presented 
in Table |. These results indicate that in colony A, 
all the sera evaluated had HI antibody titers to 
rabbit coronavirus. Those titers ranged between 10 
and 160 with a geometric mean of 54.4. In colony B, 
six of the seven sera had HI antibody titers to the 
viral agent. The titers ranged between 80 and 160 
with a geometric mean of 126.9. Incolonies C and D 
all the sera tested were free of demonstrable HI 
antibody titers to the rabbit coronavirus. 

The results of the HA assay in presence of 


HA Titer 


4 8 42 16 20 


Fraction number 


Fic. 2. Distribution of HA antigens of rabbit caronavirus 
isolate ina sucrose density gradient. 
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TaBLe 1. Serological evaluation of rabbit sera 
from four different colonies for the presence of 
HI antibody titers to rabbit coronavirus 


HI positive/ 
Colonies total number HI titers range* 
A 9/9 10-160 (54.43) 
B 6/7 80-160 (126.99) 
Cc 0/4 — 
D 0/10 _— 


*Geometric mean in parentheses. 


TABLE 2. Relationship of rabbit coronavirus to prototypes of 
other hemagglutinating coronaviruses * 


Antisera 
Antigen Samples 229-E HEV IBV 
Fecal material 3 3/3 0/3 0/3 


*The HIA was used to evaluate this relationship. Data are number of 


samples inhibited/total. 


specific immune sera to other coronaviruses are 
presented in Table 2. These results indicate that 
immune sera to human coronavirus 229-E inhibited 
the HA activity of the rabbit coronavirus. Immune 
sera to the HEV and IBV did not prevent the 
hemagglutination. 

No cytopathic effects were observed following 
inoculation of the fecal material on the different 
tissue culture systems used. Furthermore, the 
examination by EM of an aliquot of the supernatant 
of the culture media of each passage did not reveal 
the presence of any viral particles following ul- 
tracentrifugation. The supernatants of inoculated 
tissue cultures did not show any HA activity. 


Discussion 


The presence of viral agents in the intestine of 
laboratory rabbits is seldom reported. In the past, a 
parvovirus (Matsunaga ef al. 1977) and a rotavirus 
(Petric et al. 1978) have been observed in the diges- 
tive tract of this animal species. To our knowledge, 
this is the first report on the presence of a 
coronavirus in the intestine of the rabbit. 

The morphology and the diameter of the viral 
particles observed as well as the presence of sur- 
face projections are major points which classify this 
agent in the Coronaviridae family. Members of this 
virus family are pleomorphic organisms with a 
diameter ranging between 60 and 220nm. Their 
density in sucrose gradient varies between 1.16and 
1.23 g/cm*. The viral particles reported in this 
study are also pleomorphic and their diameter is 
approximately 60-220 nm. The density of the com- 
plete virion in sucrose gradient has been estimated 


at approximately 1.18 g/cm* which is within the 
ranges of the coronaviruses. The presence of vir- 
ions with a density of 1.07 g/cm? could be explained 
by the absence of nucleic acid. On EM examination 
these particles correspond to PTA penetrated vir- 
ions. 

When compared with other coronaviruses, the 
morphology of the surface projections are similar to 
the projections of the human coronavirus 229-E. 
They both are bulbous and widely spaced on the 
virus envelope (Tyrrel ef a/. 1978). Finally the inner 
tongue-shaped membrane observed in the spherical 
forms of the virions is also reported with IB V (Tyr- 
rell et al. 1978). 

Some members of the Coronaviridae family 
agglutinate red blood cells (Tyrrell et al. 1978). The 
viral agent observed in this study also has an HA 
activity and rabbit erythrocytes are agglutinated at 
room temperature by a preparation of fecal material 
and by material obtained by mucosal scraping of 
the intestine of sick rabbits. This HA activity is 
limited to rabbit red blood cells. This property is an 
important characteristic because it allows rapid 
detection of the virus in the intestine of sick rabbits. 
The HA appears to be virus specific and not due to 
other hemagglutinating substances because the 
presence of HA titers in the material evaluated 
correspond to the observation of viral particles by 
EM. This HA property is maintained following suc- 
rose gradient purification. Furthermore, rabbit sera 
from infected colonies prevent the HA activity as 
well as immune serum to the human coronavirus 
229-E. These results confirm the HA property of 
the rabbit coronavirus. The results obtained with 
immune serum to human coronavirus 229-E also 
indicate some antigenic relations between the two 
viruses. Fecal material from healthy rabbit did not 
exhibit any HA activity and viral particles were not 
observed by EM. 

The predominance of the HA activity was higher 
and the HA titers more elevated in the fecal mate- 
rial than in the mucosal scrapings. These data indi- 
cate that the hemagglutinin is present and available 
at higher concentration in the fecal material. Thus, 
the evaluation of the HA activity of the feces con- 
stitutes a reliable assay to detect the presence of the 
rabbit coronavirus. 

The results of the serological evaluation indicate 
the presence of HI titers in colonies A and B. In 
these colonies, a high incidence of intestinal infec- 
tions is reported and viral particles have been ob- 
served in fecal material from sick rabbits. This 
strongly suggests that the titers detected are due to 
the presence of the viral agent in those colonies. 

In colony C, intestinal infections are also re- 


Can. J. Microbiol. Downloaded from www.nrcresearchpress.com by SAVANNAHRIVNATLABBEF on 11/13/14 
oe For personal use only. ee eee 


1208 CAN. J. MICROBIOL. VOL. 26, 1980 


ported; however a serological response has not 
been demonstrated. This could be attributed to the 
relatively small number of samples tested or it 
could indicate that the animals tested did not have 
any previous contact with the virus. 

In colony D, the absence of serological response 
corresponds to the absence of intestinal infections. 
Furthermore, the absence of HI titer in colonies C 
and D suggest that the titers detected in colonies A 
and B were specific to the virus and not caused by 
the presence of a nonspecific inhibitor. Such in- 
hibitors should have been detected in colonies C 
and D. 

The serum samples tested were collected from 
adult animals because the majority of young rabbits 
affected died rapidly after the onset of the clinical 
manifestations. For this reason, it was impossible 
to show a seroconversion in the sera of these young 
animals. 

Although fresh material with an elevated HA 
activity was used to infect different tissue cultures, 
no cytopathic effect was observed after four pas- 
sages. These results were confirmed by the absence 
of HA activity in the supernatants of the culture 
media. The absence of in vitro growth made 
difficult any further characterization of this viral 
agent. 

The role of the rabbit coronavirus in the 
pathogenesis of intestinal infection in this animal 
species is not yet known. However coronaviruses 
are responsible for enteritis in other species (Kraft 
1957; Appel et al. 1979) and the results of this study 
also suggest an etiological role in diarrhea of rab- 
bits. 
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